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32 Claims.

This invention relates to vehicles, more par-
ticularly to means for mounting vehicle bodies
on wheels, and is directed to a construction es-
pecially applicable to light-weight, high-speed
trains.

- The subject-matter of the present application
is a specific embodiment of the broad principles

-set forth in an application entited “Suspension

system for vehicles,” filed October 5, 1935, Serial
Number 43,692, and subsequent continuation ap-
plications Ser. No. 303,231, filed November 7,
1939, and Ser. No. 303,232, filed November 7, 1939,

The common object of this group of applica-
tions is to provide an inherently stable vehicle of
minimum weighit offering maximum safety and
comfort in high-speed transit. Each of the dis-
closures of the group, including the present ap-
plication, represents the same general approach
to the problems involved and is based on the
same general theory. For a full discussion of the
factors to be considered and of the principles
underlying the basic solutions, reference is made
to the prior disclosures. It may be stated briefly
here that the problem of stabilty becomes in-
creasingly acute with the reduction of weight and
the increase of speed characteristic of modern
trends in railway operation, and that maximum
inherent stability is the predominant consider-

- ation in each of these disclosures.

30

35

40

45

50

11

The solution for the problem of stability con-
templated in this group of inventions involves
the suspension of a relatively low car body from
a wheel unit, with the support points at or above
the center of gravity of the car body to achieve
inherent stability for the body, and the further
provision of suitable flexibility in the connection
between the wheel unit and the car body to ab-
sorb shock, avoid strain, and permit banking of
the body on curves. .

In the construction of a passenger car having
a relatively low floor, the. necessity of extending
the floor over the wheel unit of the car eliminates
the possibility of employing the usual bogie truck
pivoting about a central, vertical axis, because
such a truck requires too much clearance between
the floor of the car and the track below. This
group of applications, therefore, has the further
common object of providing suitable means for
connecting a wheel unit to a car body at points
spaced to each side of the car aisle in a flexible

manner to permit the required relative rotation

of the wheel unit. The term “wheel unit” is used
generically here to mean either a truck having a
plurality of pairs of wheels or an axle unit having
only a single pair of wheels.

(CL. 105—199)

In this combination of a wheel unit and a car
body suspended from points at or above its center
of gravity, the character of the flexibility pro-
vided by the interconnection between the wheel
unit and the body is one of the most iriportant
factors that determine the inherent stability of
the combination and is to be stressed as a pri-
mary consideration in the present inventive con-
cept. While it is. preferable in our construction
to suspend the car body from points at or above
its center of gravity, it is to be understood that
this is not absolutely necessary to successful oper-
ation, as the points of support may be located
below the center of gravity. The lateral re-
straints and conftrols hereinafter described, as
well as the high level suspension, tend to fix an
oscillation axis above the center of gravity, and
these controls and the suspension may be ar-
ranged either one, or preferably, both at a high
level above the center of gravity. It will be un-
derstood that in referring to center of gravity of
the car body we mean the substantial or effective
center of gravity of the body with whatever load
it may be carrying or designed to carry. .

Freedom for relative movement of the car and
the wheel unit out of normal alighment permits
the wheel unit to negotiate curves and to accom-
modate itself readily to track variations; such
freedom on the part of the car body, in addition
to reducing shock, permits the body to yield in a
natural manner and with smooth transitions to

‘the changing resultant of forces during normal

transit. This latter function Is of prime im-
portance in avoiding strain and in increasing the
comfort of passengers, especially in the negotia-
tion of curves. But the freedom for relative
movement between the car body and the support-
ing wheel -unit must be limited to suitable safe
boundaries, and, furthermore, a certaln degree of
restraint on the turning movements of the wheel
unit of a car has been found highly desirable.
An object, then, is, within the permissible range
of movement, to combine freedom of movement
with an inherent tendency for maintenance of
normal aligntent between the body and the sup-
porting wheel units, o
The prior disclosures identified above rely
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largely on body-supporting links to provide the

required character of flexibility in the intercon-
nection between the body and the wheel unit. In
such a linkage construction, the extent of rela-
tive movement.is safely limited by the.range of

various links ‘involved. The body-supporting -

linkage mounting has been found to be eminently
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prior art.. But the movements of the car body
must be transiated into link movements that un-
avoidably affect the character of the response.

A primary feature of the present invention is
its provision of flexibility of & new character in
the relationship between the car body and the
supporting wheel unit. And the invention pro-
vides, through 2 new type of elastic flexure, an
even greater freedom of relative movement with-
in the permissible range than heretofore ob-
tained, and accompanies this new type and de-
gree of freedom with an inherent tendency for
the body and wheel unit to seek normal alinement
with one another.

The invention attains these features by floating
a car body, preferably relatively low, on & uni-
versally resiliently ylelding element or combina-
tion of elements forming & unit, which element or
unit of elements so support the body that it
swings about & longitudinal center of oscillation
above its center of gravity. In the specific and
illustrative form hereinafter described these uni-
versally yielding elastic elements are preferably

_paired and, acting as a unit, support the body at

opposite sides of a central aisle and at points of
support at or above the center of gravity. The
car body swings as a pendulum for both slight
oscillations and for banking on curves. These
same universally yielding elastic supporting units
provide, within themselves and by their elastic
flexure, for all the necessary freedoms and rela-
tive movements between the car body and wheel
unit, including vertical, lateral and longitudinal
movements, and the relative swivelling move-
ments of the wheel unit, as well as the oscillative
banking movements about the longitudinal oscil-
lation center.

While we contemplate permitting universal re-
lative movement between the car body and its
supporting wheel unit, in the preferred form of
our invention described herein we do not contem-
plate providing universally equal resistance to
such movement. On the contrary, a feature of
our invention is the conception that the various
yielding elements involved in the mounting ar-
rangement may have different, effective moduli
of elasticity or spring rates selected to favor a
desired character of flexibility in the mounting.
Thus, the suspended body may be given relative-
ly great freedom to move vertically, as well as.to
rotate or to tilt about a horizontal axis or to ap-
proximate such rotation when yielding to cen-
trifugal force on curves, and may be given some-
what less but substantial lateral freedom to ab-
sorb fleeting lateral forces of transit, but limited
freedom for longitudinal movement of the car
body relative to its wheel unit. In fact, it 'is
within the scope of our conception to virtually
eliminate simple longitudinal relative movement,
without -destroying the freedom of the car body
to move in any manner in all other directions.

In a particular construction chosen for illus-
trative purposes, the car body is supported on the
wheel unit throughl the medium of laterally
spaced elastic columns (coiled springs) whose
upper ends support the body at points above its
center of gravily. As a result of this suspen-
sion the car body oscillates, when banking for
instance, as a pendulum about & longitudinal axis
located between the points of elastic support and
above the center of gravity.

Swivelling movements of the wheel unit rela-
tive to the car body are accommodated by tor-
sional deflection of the elastic supporting unit-
torsional with respect to a central vertical axis

2,225,242 .

of the wheel unit; while banking or other rotative
oscillation is accompanied by elastic vertical com-
pression of the resilient columns at one side of
the axis and extension at the other. Lateral
motions of the car body are accommodated by
transverse bending of the columns,

" The elastic load-bearing columns resist and ab-
sorb vertical forces acting between the axle unit
and car body, the smaller, more fleeting forces
being dissipated, and the larger and.more en-
during forces being accommodated by smooth
transitions of the car body.

Relative horizontal freedoms, both transverse
and longitudinal, are accommodated by corre-
sponding flexures of these same elastic support-
ing units.

As a further feature and part of the invention,
a yielding restraint to lateral freedom relative
to the wheel unit is imposed on the car body, and
while this function may be and is in part per-
formed by the load bearing elastic elements,
there is preferably employed for this purpose
separate laterally acting elastic elements effective
between the wheel units and car body. In nor-
mal straight-ahead travel, these laterally acting
elastic elements hold the car body centrally on
the load-bearing elastic columns, and, at the
same time, act as a cushioning means for fleet~
ing, laterally directed forces between the wheel
units and car body.

In the preferred construction, and as a further
feature of the invention, the laterally acting
elastic elements exert their restraining and re-
storing forces on the car body along a transverse
line located above the center of gravity and at
or near the desired center of body oscillation.
Applying the restriction at that level has the
effect, additive to or independently of the similar
effect of the location of the level of suspension, of
restrictively locating the center of oscillation as
desired above the center of gravity.

Furthermore, and as & further although not
fundamental feature of the invention, these later-
ally acting restraining elements are preferably in
pairs and act on the car body at points spaced at
opposite sides of the vertical axis, and exert
forces opposite to each other. For instance they
apply opposite forces, through pivoted links, to
the car body at opposite sides of the central alsle.
By virtue of this arrangement, the tension of the
laterally acting restraining elements is increased
either by banking of the car body (rotation on
the longitudinal axis) or-by rotative swivelling
displacement of the wheel unit relative to the car
body on curves. Thus these laterally acting re-
straining elements to some extent oppose and
control banking action, tending at all times to
restore the car body to its normal level position,
and also to some extent present a desirable de-
gree of yielding restraint and -restoration to
swivelling movements of the wheel units out of
normal alinement with the car body. Swivelling
movements of the wheel unit relative to the car
body are thus yleldingly opposed by the elastic
restraint of both the load bearing elastic columns
and the laterally acting elastic elements.
yielding restraint and restorative action is of a
progressively increasing character, and provides

the required tendency for the body and wheel

units to maintain normal alinement, thereby en-
couraging the wheel unit to track straight ahead.

The laterally acting controls have also the de-
sirable function of tending to constrain swivelling
action of the wheel unit to the vertical swivelling

This,
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transverse line along which they act.

Also, while the function of restricting longitu-
dinal movement between car body and wheel
units is largely delegated to other members, the
described lateral control links serve to fulfil a
part of that function.. .

The described elastic supporting elements per-
mit a certain relative longitudinal movement be-
tween wheel unit and car body. This is reduced
to a relatively small amount by a draft connection
at a relatively low level between the wheel unit
and car body. In combination with supporting
springs which may be located and connect with
the car body at a relatively high level, it is an
important feature of the invention that the draft
connection be located as nearly as may be prac-
ticable at the lower level of the longitudinal re-
action forces that result from acceleration and
deceleration. The draft connection with the
wheel unit is also preferably at or near the ver-
tical swivelling axis of the wheel unit. In such
position it tends desirably to assist in localizing
that axis. This draft connection, however, pref-
erably incorporates a resilient yielding element,
which, while not permitting much longitudinal
movement between car body and wheel unit, yet
avoids rigidity in the draft members. The re-
strained character of the yielding action in the
draft connection does not conflict with the re-
quired universal freedom of the car body at the
support points.

A feature of the suspension provided by the in-
vention is the achievement of freedom for uni-
versal movement of the car body away from its

hormal disposition with minimum inherent di-

rectional restraint on the part of the mechanical
interconnection between the body and wheel unit,
except for that expressly provided by making the
elastic restraints in certain directions greater
than in others, as heretofore mentioned.

In addition to the inventive features that have
been broadly and briefly outlined, there are others
in detail whic¢h will be apparent from the follow-

ing description. Among these is the general sim--

plicity of the suspension system, due mainly .o
the fact that all the necessary freedoms are pro-
vided in one and the same elastic supporting
unit. And it is also to be noted that, due to the
same provisions, there are no relatively moving
bearing surfaces in the system carrying any load.

It will be apparent to those skilled in the art
that the principles of the present invention may
be applied to a truck having all its supporting
points connected to the same car body, or to a
truck which supports and articulates the adjacent
ends of two car bodies. We show the invention
applied in both said manners.

The above and other objects and features of
our invention will be apparent to those skilled in
the art from a consideration of the following
detailed description, taken with the accompany-
ing drawings, in which drawings:

Fig. 1 is a side elevation, on a reduced scale,
of the new articulated train;

Fig. 2 is a transverse, vertical section of a
car;

Fig. 3 is a view, similar to Fig. 2, showing the
car body in a banked position;

Fig. 4 is a longitudinal section of the adjacent
ends of two cars, showing their common truck
in side elevation;

Fig. 5 is a section, taken as indicated by the
line 5—5 of Fig. 4, to show the truck in plan;

Fig. 6 is an enlarged horizontal section through

3

the draw-bar connection with the truck frame;

Pig. 7 is. a detail view showing the draw-bar
connection with the car body;

Fig. 8 is an enlarged fragmentary detail view
showing, in transverse, vertical section, the con-
nections between the wheel unit and the car
body;

Fig. 9 is an enlarged fragmentary, detail view
showing the manner of mounting an axle frame
on its associated axle;

Fig. 10 is an enlarged fragmentary view show-
ing the action of the supporting springs when
the wheel unit or the car body plvots on round-
ing a curve; and

Fig. 11 is a longitudinal, sectional view, similar
to Fig. 4, showing the principles of our construc-
tion as applied to a single, four-wheel end or
trailing truck.

In the following specification and claims, where
the term “substantial movement” is used in con-.
nection with the supporting means, it is meant
to denote movement of .such magnitude as will
permit' all relative lateral, vertical, longitudinal,
and angular movements between the car body
and the truck frame required for normal railroad
service. The elastic supporting members be-
tween the car body and the truck frame—being
the sole supporting means for the body—are of
such a character as to permit, in and of them-
selves, through elastic flexure, duplication of all
the relative movements provided by a standard
swinging-bolster bogie truck in normal rallroad
service.

Fig. 1 shows an articulated train of cars 20, in
which adjacent cars share a common truck 21.
is contemplated that the cars will be constructed
entirely of metal and in accordance with the co-
pending application, Serial Number 228,311, filed
by Eliot F. Stoner, Sept. 3, 1938, in which con-

struction each car body 22 comprises a self-sup--

porting shell 23 having a floor 24.

At each end of the car body is a pair of truck
compartments 25, there being s compartment
provided above each wheel 26 of the truck 2i.

Each of the truck compartments 25 has inclined,

walls 27 and 28, fore and aft, and a top wall
29 well above the level of the center of gravity
of the car body, that is indicated on the draw-
ings as c. g. The shell 23 provides the outer

walls of the compartments, while the inner walls-

are provided by wall members 32 that serve not
only as walls for the end passages 33 of the car,
but also as structural members extending to the
roof of the car, acting in combination with walls

21 and 28, to distribute loading into shell 23..

These passage walls may be interconnected by an
upper horizontal wall 34 to provide further lat-
eral strength. By employing such a construc-
tion, we may support the car body by means en-
gaging the walls of the truck compartments 25..

Each truck 21 comprises two separable axle
units, generally designated by letter A, each of
the axle units serving, in effect, as a cradle for
supporting the end of its associated car body.

In our preferred construction disclosed herein,-

each axle unit A includes a lower, substantially
horizontal frame, generally designated by nu-
meral 385, and, integral therewith, two columns 36
extend.ing upward into corresponding truck com-

- partments 25 to support the car body. * To com-

bine lightness with strength, we prefer to fabri-
cate the axle unit from sheet metal, as indlcated
by the drawings.

Each of the lower frames 35 includes side mem-
bers 37 of hollow construction that are intercon-
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nected by a chaunnel-shaped cross member 38, a
cross member 39 at the opposite end of the frame,
and an intermediate channel-shaped cross mem-
ber 40, the latter two cross members lying fore
and aft of the wheels 26 of the axle unit. The
frame construction shown also includes internal
diagonal braces 42 and a pair of parallel, lon-
gitudinally disposed, channel-shaped beams 43
that rest on and are secured to the cross mem-
bers 38, 39, and 40. Each of the side members
371 is formed with an upwardly offset portion
44 associated with the corresponding wheel 26.
As may be understood by referring to Fig. 9, the
top wall 45 of each side frame member 317 is ex~
tended laterally to provide a base on which the
column 36 is mounted at the top of the offset
portion 44 of the frame member. -At the inner
edge of top wall 45 a depending reinforcing skirt
46 is provided, the frame member 37, wall 45, and
skirt 46 thus forming a hood extending over the
associated wheel 26. :

Each pair of wheels 26 is integral with a com-
mon axle 41, the opposite ends of which are jour-
naled, in this instance, in ball-bearings 48. The
bearings at each end of the axle are housed by a
suitable journal box 49, the cover 50 of which is
removably secured by cap screws §5i. Each jour-
nal box 49 is surrounded by an independent jour-
nal frame 52 having an integral stirrup 53
through which extends a leaf spring 54, U-
shaped clips 55 being employed to secure the
spring to the frame 52. Leaf springs 54, on each
side of the axle unit, span the offset portions 44
of the corresponding side frame members 371 and
may be attached to the side frame members in
any suitable manner. In the construction we
prefer, each frame member 37 carries rubber-
lined concave bearing members 56 (Fig. 4) to re-
ceive complementary convex members 57 on each
end of each leaf spring.

As means to yieldingly relate the frame 52 to
the journal box 49, the top of the journal box
may provide a seat 58 (Fig. 9) for an interposed
layer 59 of rubber or other resilient material.

Such construction permits slight lateral or oscil-

latory movement, of the wheels and axle relative
to the axle frame, and serves as shock-absorbing
means. ‘To cushion any impact of the journal
frame B2 against the overhanging offset portion
of the frame member 37, the journal frame may
seat a palr of arcuate buffer members 62 of rub-
ber or similar material. Extreme movement of
the journal box towards the corresponding frame

member 37 brings the buffer members 62 into -

: contact with a complementary arcuate rubber

plate 63 mounted on the under side of the frame

. member.

Normally, the two adjacent horizontal frames
35 of the axle units of adjacent cars are rigidly
secured together to provide a unitary frame for
a truck 21 shared by the two cars. For example,
bolts 65 may extend through clips 66 at the op-
posed ends of beams 43, or automatic coupling
means (not shown) may be employed to inter-

. connect the ends of frame members 37 of the two

frames. It will be apparent that when two axle
units are so interjoined, the resulting truck is a
stable construction that will maintain the four
columns 36 in a rigid, vertical position.

When the two axle units are separated, to act
independently instead of together as a four-
wheel truck, some means must. be provided to
keep the axle units in proper alighment with the
car body. For such purpose small auxiliary
wheels 671 may be mounted on the horizontal

2,225,242

frame 356 by pivoted arms 88, Normally these
wheels are maintained in retracted position, as
indicated by the drawings, but whenever the
trucks are divided into separate axle units, the
wheels are swung downward to engage the rails
of the track. Any of the suitable means well
known to the art for controlling such auxiliary
wheels may be employed. It will be evident that
these auxiliary wheels are not needed to support
any portion of the load imposed by the car body,
but serve solely as guide wheels.

Each axle unit is connected to its associated
car by a longitudinally disposed draft member,
preferably a draft member having a yielding
action. A suggested construction is shown in
the drawings, particularly in Fig. 6. The draw
bar 69 has a reduced end 70 that extends through
an oversized aperture in a heavy transverse plate
12 that extends between the two beams 43 of the
axle unit. The aperture through plate 72 ac-
commodates a suitable rubber collar or spacer
ring 13 embracing the reduced end 70 of the draw
bar. On either side of the transverse plate T2
the reduced end 10 is embraced by a pair of
resilient rings 74 of rubber or other suitable
material. . To restrain the rings from bulging
outwardly under excessive pressure, we provide
each of the rings with a pair of metal disks 75
having dished edges partly confining the periph-
ery of the resilient rings.

The series of four resilient rings 74 is confined
between two heavy plates 16 and 11. Plate 16
is secured in place by nut 78 and washers 19,
while plate 11 is adjustably held in place by cap
screws 80 extending through a plate 81 and bear-
ing against washers 82. Plate 8! in turn rests

. against the annular shoulder 83 of the draw bar.

This construction permits not only longitudinal
movement of the draw bar, but also oscillatory
movement, . there being yielding resistance to
either type of movement away from the normal
position shown in Fig. 6. The construction also
permits the draw bar 69 to rotate in its connec-
tion with the axle unit.

The other end of the draw bar may be con-
nected to the body of the car in any suitable
manner. We prefer, however, to employ the
same type of ylelding connection as above de-
scribed. For example, as shown in Fig. 7, such
a yielding engagement may be made with a suit-
ably apertured transverse plate 85 that is secured
between a pair of longitudinal beams 86 extend-
ing under the floor 24 of the car body.

Our invention is characterized by the concep-
tion of resilient, universally ylelding relations at
the spaced supporting points, and it will be obvi-
ous to those skilled in the art that various yield-
ing arrangements may be employed within the
scope of this broad conception. As previously
noted, we prefer a certain character of flexibility

- or elastic flexure between the car body and the,

truck, preferring greater lateral freedom than
longitudinal freedom and greater vertical free-
dom than lateral freedom, but we do not restrict
ourselves to the particular character of such
flexibility herein sought nor the particular re-
lationships between the various yielding means
employed. Several different forms of means may
be utilized to provide the elastic flexure desired
between the truck and the car body.

In our preferred construction disclosed herein,
we achieve the desirably extensive freedom for
relative movement in vertical aspect by simply
resting the car body on vertically disposed helical
springs mounted on the columns 36 of the axle
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unit. Preferably, the springs employed are
“soft” in the sense that they are designed to
have relatively great static deflection under nor-
mal load. Relatively long springs are indicated,
8 and length is desirable, also, to permit the springs
to be distorted laterally in the turning move-
ment of the truck on curves without exceeding
safe stresses in the material of the springs.
The drawings show two helical springs 88
10 mounted on the top wall 89 of each eolumn 36, the
springs being in compression between the top of
the column and the top wall 29 of the corre-
sponding truck compartment. A lower resilient
seat for each'spring is provided by an assembly
15 comprising a resilient pad 90 in the form of a

ring made of rubber or like material, and two -

retaining members for the pad, a flanged metal
ring 91 and a flanged disk 92, the assembly be-
ing secured to wall 89 by a suitable bolt 93. A

20 similar resilient seat, generally indicated by nu-
meral 94, is shown for the upper end of springs
88 and is secured to the compartment wall 29
by a suitable bolt 95. Since in this arrangement
the weight of the car body is supported by the

23 top wall 29 and the truck compartment, a re-
enforcement plate 96 may be interposed between
the supporting springs and the compartment wall
29, the plate having a vertical portion 97 secured
to the vertical wall 32.

30  Springs 88 in the particular form here illus-
trated used only with the elements thus far de-
scribed would be structurally unstable. The ad-
dition of laterally acting, yielding means effec-
tive between the columns 36 and the car body,

35 however, results in a stable combination in which

the vertical and latera] yielding means in normal
equilibrium cooperate to hold the car body in
normal alignment with its associated wheel unit.
One arrangement that may be employed to pro-
40 vide the required laterally acting, yielding means
is shown in the drawings, but other means attain-
Ing the same end will readily occur to those skilled
in this art. In fact, the desired lateral restraint
may he accomplished by utilizing the -elastic
45 properties of the supporting springs and their
positioning, but, in order to obtain the greatest
degree of flexibility in the supporting springs, it
is desirable to keep separate the functions of ver-
tical support and lateral restraint by the use of
60 auxiliary restraining means. . S
The preferred construction includes an arm
99 yieldingly mounted on the outer wall 100 of
each column 36 and a tension member, or link,
101 connected by universal joints with the end
55 of the arm and with the wall 32 of the car body.
An arm of the required characteristics may have
a central web 1082 and marginal ribs 103 that
extend above the uppermost edge of the web and
converge to form an end portion 104. Each arm
60 is mounted to the wall 100 by means of spaced
bolts 105 extending through oversized apertures
106 in the web 102 of the arm, the apertures
being oversized to permit oscillation of the arm.
‘Embracing the bolts 105 between the wall 100
5 and the web 102, is a circular ¢ushion 107 of rub-
ber, or similar material, of “sufficient_ thickness
to hold the arm in spaced relationship to the wall
100. By preference a flanged metal washer 108
is interposed between cushion 107 and the wall
70 100. Also embracing each bolt 105 against the
outer face of the web 102 is a similar rubber
cushion 109 with a similar associated metal
washer (10. Finally, at the outer end of each
bolt 108 is a retaining washer 111 secured by a
8 nut 112,

The universal joint between the arm 99 and
the link 101 is provided by a socket member 113
at the end of the link, and a complementary ball
member |14 integral with a bolt 115 extending
upward through the end portion 104 of the arm. 5
A suitable helical spring 118 and retaining disk
i19 mounted on the bolt 115 between the end
of the arm and the end of the link tend to mini-
Inize clearance or play of the ball in the socket.

In similar manner the universal joint between 10
the link 101 and the car body may be provided
by a socket member 120 at the end of the link
and a complementary ball member 12i on a bolt
122; the bolt extending through a lug 123 formed

in the vertical portion 97 of reenforcement plate 15
96. Mounted on the bolt is a small helical spring
124 and a retaining disk 125 serving the same
purpose as spring {18 and disk {19. Links 101
serve to restrain lateral movements of the car
body at the level of their attachment and also to 20
focus the motion of the car body about 2 bank-
ing axis longitudinally of the car and above the
center of gravity, as indicated at b. a. in Fig. 2.
Furthermore, as will be explained, they tend to
localize the vertical swivelling axis at a central 25
point between them and between the elastic sup-
porting columns, and to restrain and restore the
swinging and swivelling movements.

‘While in this instance it is preferable to mount
the arms 99 and connect links 101, as shown in 30
Figs. 2 and 8, to cause the car to bank about an
axis above its center of gravity, it is to be under-
stood that for certain purposes arms 99 may be
so mounted as to connect links 101 to the car
body at other points, either above or below 35
springs 88.

In addition to the cushioned arms 99 and links
101, adjustable shock-absorbing and cushioning
means may be provided to check or retard the
banking movements of the body relative to the 40
wheel unit frame. Such means may consist of
shock-absorbing elements 126, of any of the well-.
known types, mounted on plates 127 secured to
the top faces 128 of the columns 36 and con-
nected through the medium of arms 129 and links
130 to the upper ends of arms 99. Similar means
may also be provided to cushion or check the

-vertical oscillations of the wheel unit frame rela-

tive to the body. Shock-absorbing elements 131
may bé secured to side walls of columns 36 and 50
connected by arms 132 and links {33 to top walls
29. These checks act vertically in parallel with
springs 88 and prevent objectionable body oscil-
lation on these springs at resonant frequency.
They also check the swinging oscillation of the gg
body. Similar means may also be provided for
springs 54. .

In Fig. 11 is shown the application of the prin-
ciples of our construction to a single, four-wheel
trailing truck, such as may he used at the ends 60
of the first and last cars. Like parts are given
like numbers as those heretofore described. Col-
umns 36 are supported upon base plates 134,
which are, in turn, supported upon side frame
members 135. The plates (34 and side frame 65
members 135 are preferably fabricated from sheet
steel and may be joined and suitably braced by
the usual cross frame members 136, 187, and 138.
The wheel axles may be journaled in suitable
bearings and the frame members 135 supported 70
thereon by springs 54 as hereinbefore described.
The draw bar 69 may be connected to the truck
frame in the manner illustrated in Fig. 6, through-
the medium of a transverse plate 136 supported
between the side frame members 135. (]
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It is important that the functions of the two
arms 99 and the associated links 101 be under-
stood, especially in the aspect of yielding means
cooperating with the load-bearing springs g88. In
normal straight-line travel, the laterally-acting
yielding means hold the car body centrally on the
Joad-bearing springs, and, at the same time, act
as a cushioning means for fleeting, laterally-
directed forces between the car body and its as-
sociated axle units. And they act at all times
yieldingly to restrain lateral movement of the
body at their level and thereby to force the body

to swing pendulously about the axis b. a. at or .

near that level. When the car turns a curve at
sufficlent speed to cause the body to swing, as
heretofore described, the links (0f are thrown
out of normal co-axial alignment both by the
swinging action of the car body, as indicated in
Fig. 3, and by the rotation of the truck, as indi-
cated by Fig. 10. Such departure from normal
alisnment of the links is resisted by the compres-
sion of the upper rubber pad 10T and the lower

* rubber pad 109 associated with each arm 99, as
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may be understood by reference to Fig. 3. This
action exerts increasing opposed tensions be-
tween the pivoted ends of the links.” As a result
of the increased tension of the links 101 and
increased compression of the rubber pads, the
swinging of the car body is resisted to some ex-
tent and g desirable degree of restraint is also
presented to the swivelling movements of the
truck out of normal alienment. This construc-
tion has the function of restricting the swivelling
movements of each wheel unit, or of each car with
respect to a whee] unit, to a close approximation
to rotation about a vertical axis centrally of the
wheel unit and of the supporting unit.

We have, in effect, a three-point connection
between the ear body and the axle unit, in which
are incorporated diversely disposed yielding
means cooperating to take care of all relative
movement between the car body and the axle
unit in a manner conducive of maximum stabil-
ity and riding comfort. The yielding connec-
tions between the columns 36 of the axle unit and
the car body are not operative through elastic
flexure to restrain to the required extent relative
movement of the car body longitudinally. But
restraint is provided, however, by the draw bar
69 associated with each axle unit without inter-

. fering with universality of the yielding action at

the elevated support points, within the limits of
motion required in railroad. service. It is im-
portant to note, as- features and objects of our
invention, that the desirably restrained charac-
ter of the yielding action through the draft bars
does not conflict with the required universal free-
dom at the support points, because the draft bar
is connected to the axle unit near the central,
vertical axis of the wheel and supporting units,
and that such draft connection acting at the
lower. level cooperates with the links acting at
the higher level to fix that axis, whereby the
components of relative movement at one later-
ally spaced support point, considered with re-
spect to a horizontal plane, are balanced by sim-
ilar and opposite components of movement at the
other support point. All the longitudinal draft
forces, positive and negative, are transmitted be-
tween the truck or wheel unit and the car body
exclusively at the low level of the truck and
without interfering at all with the desired ac-
tions of the supporting and controlling units.
Those units are entirely free from the effects of
draft force transmission.

2,225,242

A virtue of this particular method of floating a
car body on its wheel unit is that we obtain the
well-known advantages of employing “soft” sup-
porting springs but avoid the undesirable type
of rolling or swaying that inevitably results from
using relatively long, soft springs in the conven-
tional body suspensions of the prior art.

Forces acting between the car body end the
axle unit that are predominantly vertical are
resisted by the load-bearing springs 88 in & man-
ner conducive to the comfort of the passengers,
the smaller, more fleeting forces being dissipated,
the larger and more enduring forces being ac-
commodated by smooth fransitions of the car
body. An advantage peculiar to this type of
floating suspension is the manner in which the
car negotiates a curve at high speed. The cen-
trifugal force occasioned by the change in direc-
tion being exerted laterally on the center of
gravity of the car below the points of support
causes the car to swing outwardly at the bot-
tom, or, in effect, to lean inwardly at the top,
as indicated by Fig, 3. Simultaneously, the curve
in the track rotates the trucks assoclated with
the car body out of & normal alignment with the
body. The load-bearing springs are readily dis-
torted to permit this turning movement without
Josing their ability to support the load of the car
body.

Whille our disclosure has been of a detailed and
specific nature, it is to be understood that the
principles are broadly applicable to various types
of vehicles, and it will be recognized by those
skilled in the art that a wide range of substitutes
and alterations may be made without departing
from the spirit of our invention.  We reserve the
right to all such changes and substitutions with-
in the purview of our appended claims.

The claims of this application are directed to
the subject matter herein described having to
do with the suspension and controls regardless of
whether or not there is articulation of adjacent
car bodies through the trucks. The articulation
features are,the subject matter of a co-pending
application Ser. No. 316,070, filed January 29,
1940,

Having described our invention, we claim:

1. Tn combination with a vehicle body and
wheel unit; an elastically flexible body supporting
unit comprising a pair of universally elastic col-
umns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, said columns having their lower ends sup-
ported by the wheel unit and their upper ends
supportingly engaging a rigid part of the body
at a level above the substantial center of gravity
of the body, each of said columns being substan-
tially unconfined against universal flexure so as
te allow the body substantially universa] freedom
with respect to the wheel unit by virtue of elastic
universal flexure of the columns.

92 In combination with a vehicle body and
wheel unit; an elastically flexible body support-
ing unit comprising a pair of universally elastic
columns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, said columns haying their lower ends sup-
ported by the wheel unit and their upper ends
supportingly engaging a rigid part of the body at
a level above the substantial center of gravity
of the body, each of said columns being sub-
stantially unconfined against universal flexure so
as to allow the body substantially universal free-
dom with respect to the wheel unit by virtue of
elastic universal flexure of the columns, and
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means for restraining relative Iongitudinal move-
ment between the body and wheel unit, said
means embodying & connective member intercon-
necting the body and wheel unit substantially at
the level of the wheel unit.

3. In combination with a vehicle body and
wheel unit; an elastically fiexible body supporting
unit comprising a pair of universally elastic col-
umns spaced laterally and symmetrically with
reference to the longitudinal center Iine of the
body, having their lower ends supported by the
wheel unit and their upper ends supportingly en-
gaging a rigid part of the body at a level above

the substantial center of gravity of the body, each’

of said columns being substantially unconfined
against universal flexure so as to allow the body
substantially universal freedom with respect to
the wheel unit by virtue of elastic universal flex-
ure of the columns, said columns being mounted
directly on a rigid part of the wheel unit and
forming the sole flexible support of the body on
the wheel unit.

4. In combination with a vehicle body and
wheel unit; an elastically flexible body support-
ing unit comprising a pair of universally elastic
columns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, having their lower ends supported by the
wheel unit and their upper ends supportingly en-
gaging g rigid part of the body at a level above
the substantial center of gravity of the body, each
of said columns being substantially unconfined
against universal flexure so as to allow the body
substantially universal freedom with respect to
the wheel unit by virtue of elastic universal flex-
ure of the columns, and means limiting relative
longitudinal movement between the body and the
wheel unit but allowing all other relative move-~
ments between the body and wheel unit.

5. In combination with a vehicle body and
wheel unit; an elastically flexible body supporting

unit comprising a pair of universally elastic col-

umns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, having their lower ends supported by the
wheel unit and their upper ends supportingly en-
gaging a rigid part of the body at a level above
the substantial center of gravity of the body, each
of said columns being substantially unconfined
against universal flexure so as to.allow the body
substantially universal freedom with respect to
the wheel unit by virtue of elastic universal flex-
ure of the columns, and means limiting relative
longitudinal movement between the body and the
wheel unit, said means including a draw bar piv-
otally connected with the body and pivotally con-
nected with the wheel unit at a point near a ver-
tical axis centrally located between the pair of
elastic columns.

6. In combination with a vehicle body and
wheel unit; an elastically flexible body supporting
unit comprising a pair of universally elastic col-
umns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, said columns having their lower ends sup-
ported by the wheel unit and their upper ends
supportingly engaging a rigid part of the body at
a level above the substantial center of gravity of
the body, each of said columns being substan-
tially unconfined against universal flexure so as
to allow the body substantially universal freedom
with respect to the wheel unit by virtue of elastic
universal flexure of the columns; and means for
restraining lateral movements of the body with
respect to the wheel unit and for localizing & lon-

7
gitudinal center of oscillation, said means being
connected between the wheel unit and body and
applying yielding lateral restoring forces-to the
body in substantially transverse horizontal and
opposite directions at a level above its substantia
center of gravity. '

7. In combination with a vehicle body and
wheel unit; a body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly,
and supporting the body at its upper end by sup-
port engagement with a rigid part of the body at
a level abeve its substantial center of gravity, said
element having, within its vertical length be-
tween its wheel unit support and its body engage-
ment, elastic flexibilities vertically, transversely
and torsionally about a vertical axis, anu being
substantially unconfined as regards corre.pond-
ing flexures, so as to allow the body correspond-
ing elastically opposed freedoms with Tespect to
the wheel unit by virtue substantially solely of
said elastic flexures.

8. In combination with a vehicle body and
wheel unit; a body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly,

and supporting the body at its upper end by sup-.

port engagement with a rigid part of the body at
a level above its substantial center of gravity, said
element having universal elastic flexibilities with-
in its length between its wheel unit support and
its body engagement, and being substantially un-
confined as regards universal flexures, so as to al-
low the body corresponding elastically opposed
universal freedom with respect to the wheel unit
by virtue substantially solely of said elastic flex-
ures. .

‘9. In combination with a vehicle body and
wheel unit; a body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly,
and supporting the body at its upper end by sup-
port engagement with a rigid part of the body at
& level above its substantial center of gravity, said
element having universal elastic flexibilities with-
in its length between its. wheel unit support and
its body engagement, and being substantially un-
confined as regards universal flexures, so as to
allow the body corresponding elastically opposed
universal freedom with respect to the wheel unit
by virtue substantially solely of said elastic flex-
ures; and means for restraining relative longi-
tudinal movement between the body and the
wheel unit but allowing all other relative move-
ment therebetween, said means embodying a con-
nective member interconnecting the body and
wheel unit substantially at the level of the wheel
unit.

10. In combination with a vehicle body and
wheel unit; a body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly,

~and supporting the body at its upper end by sup-

port engagement with a rigid part of the body
at a level above its substantial center of gravity,
said element having, within its vertical length be-
tween its wheel unit support and its body engage-
ment, elastic flexibilities vertically, transversely
and torsionally about a vertical axis, and being
substantially unconfined as regards correspond-
ing flexures, so as to allow the body correspond-
ing elastically opposed freedoms with respect to
the wheel unit by virtue substantially solely of
said elastic flexures; and means for restraining
lateral movements of the body with respect to the
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8

wheel unit and for localizing a longitudinal cen-
ter of oscillation, said means being connected be-
tween the wheel unit and body and applying
yielding lateral restoring forces to the body in

substantially transverse horizontal and opposite

directions at a level above its substantial center
of gravity. .

11. In combination with a vehicle body and
wheel unit; & body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly,
and supporting the body at its upper end by sup-
port engagement with a rigid part of the body at
a level above its substantial center of gravity, said
element having universal elastic flexibilities with-
in its length between its wheel unit support and
its body engagement, and being substantially un-
confined as regards universal flexures, so as to
allow the body corresponding elastically opposed
universal freedoms with respect to the wheel unit
by virtue substantially solely of said elastic flex-
ures; and means for restraining lateral move-
ments of the body with respect to the wheel unit
and for localizing a longitudinal center of oscil-
lation, said means being connected between the
wheel unit and body and applying yielding lat-
eral restoring forces to the body in substantially
transverse horizontal and.opposite directions at
a level above its substantial center of gravity.

12. In combination with a vehicle body and
wheel unit; an upward extension on the wheel
unit, a ‘body supporting unit including an up-
wardly extending columnar spring supported at
its lower end by the wheel unit extension and
supportingly engaging a rigid part of the body at
its upper end at a level above the substantial
center of gravity of the body, said columnar
spring being universally elastically flexible within
its length and being substantially unconfined so
as to allow the body corresponding elastically op-
posed freedoms by virtue substantially solely of
the elastic flexures of the columnar spring.

13. In combination with a vehicle body and
wheel unit; a pair of laterally spaced upward ex-
tensions on the wheel unit, & pair of universally
elastic columnar springs spaced laterally- and
symmetrically with referénce to the longitudinal
center line of the body, said columnar springs
supported at their lower ends on the extensions,
extending upwardly, and supportingly engaging
a rigid part of the body at their upper ends at a
level above the substantial center of gravity ‘of
the body, said columnar springs being substan-
tially unconfined as regards universal flexures, so
as to allow the body substantially universal and
elastically opposed freedoms by virtue of the
elastic flexures of the columnar springs.

14. In combination with -a vehicle body and
wheel unit; an upward extension on the wheel
unit, a body supporting unit including an up-
wardly extending columnar spring supported at
its lower end on the wheel unit extension and
supportingly engaging a rigid part of the body at
its upper end at a level above the substantial
center of gravity of the body, said columnar
spring being universally elastically flexible within
its length and being substantially unconfined so
as to allow the body corresponding elastically op-
posed freedoms by virtue substantially solely of
the elastic flexures of the columnar spring; and
means for restraining lateral movements of the

‘body with respect to the wheel unit and for lo-

calizing a longitudinal center of oscillation, said
means being connected between the wheel unit
and body and applying ylelding lateral restoring

2,225,242

forces to the body in substantially transverse
horizontal and opposite directions at a level above
its substantial center of gravity.

15. In combination with a vehicle body and
wheel unit; a pair of laterally spaced upward ex-
tensions on the wheel unit, a pair of universally
elastic columnar springs spaced laterally and
symmetrically with reference to the longitudinal
center line of the body, said columnar springs
supported at their lower ends on the extensions,
extending upwardly, and supportingly engaging a
rigid part of the body at their upper ends at a
level above the substantial center of gravity of
the body, said columnar springs being substan-
tially unconfined as regards universal flexures so
as to allow the body substantially universal and
elastically . -opposed freedoms by virtue of the
elastic flexures of the columnar springs; and
means for restraining lateral movements of the
body with respect to the wheel unit and for lo-
calizing a longitudinal center of oscillation, said
means being connected between the wheel unit
and body and applying yielding lateral restoring
forces to the body in substantially transverse
horizontal and opposite directions at a level above
its substantial center of gravity.

16. In combination with a vehicle body and
wheel unit; an elastically flexible body support-
ing unit comprising a pair of universally elastic
columns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, said columns having their lower ends sup-
ported by the wheel unit and their upper ends
supportingly engaging a rigid part of the body at
a level above the substantial center of gravity of
the body, each of said columns being substan-
tially unconfined against universal flexure so as
to allow the body substantially universal freedom
with respect to the wheel unit by virtue of elastic
universal flexure of the columns, and two inde-
pendently acting movement dampers connected
between the wheel unit and the body in sym-
metric relation at opposite sides of the longitudi-
nal center line of the body and acting to inde-
pendently damp vertical movements of the two
sides of the body. :

17. In combination with a vehicle body and
wheel unit; a body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly,
and supporting the body at its upper end by sup-
port engagement with a rigid part of the body at
a level above its substantial center of gravity, said
element having, within its vertical length between
its wheel unit support and its body engagement,
elastic flexibilities vertically, transversely and
torsionally about & vertical axis, and being sub-
stantially unconfined as regards corresponding
flexures, so as to allow the body corresponding
elastically opposed freedoms with respect to the
wheel unit by virtue substantially solely of said
elastic flexures, and two independently acting

movement dampers connected between the wheel

unit and the body in symmetric relation at oppo-
site sides of the longitudinal center line of the
body and acting to independently damp vertical
movements of the two sides of the body.

18. In combination with a vehicle body and
wheel unit; & body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly,
and supporting the body at its upper end by sup-
port engagement with a rigid part of the body at
a level above its substantial center of gravity, said
element having, within its vertical length between
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its wheel unit support and its body engagement,
elastic flexibilities vertically, transversely and
torsionally about a vertical axis, and being sub-
stantially unconfined as regards corresponding
flexures, so as to allow the body corresponding
elastically opposed freedoms with respect to the
wheel unit by virtue substantially solely of said
elastic flexures; means for restraining lateral
movements of the body with respect to the wheel
unit and for localizing a longitudinal center of
oscillation, said means being connected between
the wheel unit and body and applying opposed
yielding lateral restoring forces to the body in
substantially transverse horizontal directions at
a level above its substantial center of gravity, and
two independently acting movement dampers
connected between the wheel unit and the body
in symmetric relation at opposite sides of the Ion-
gitudinal center line of the body and acting to in-
dependently damp vertical movements of the two
sides of the body.

15, In combination with a vehicle body and
wheel unit; a body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly and
supportingly engaging the body at its upper end,
said element having universal elastic flexibilities
within its length between its wheel unit support
and its body engagement, and being substantially
unconfined as regards universal flexures, so as to
allow the body corresponding elastically opposed
universal freedom with respect to the wheel unit
by virtue substantially solely of said elastic flex-
ures; means for restraining lateral movements of
the body with respect to the wheel unit and for
localizing a longitudinal center of oscillation, said
means being connected between the wheel unit
and body and applying yielding lateral restoring
forces to the body in substantially horizontal and
opposite directions at a level above its substan-
tial center of gravity; and means limiting rela-
tive longitudinal movement between the body and
the wheel unit but allowing all other relative
movements between them.

20. In combination with a vehicle body and
wheel unit; a body supporting unit including an
elastically flexible body supporting element sup-
ported by the wheel unit, extending upwardly and
supportingly engaging the body at its upper end,
said element having universal elastic flexibilities
within its length between its wheel unit support
and its body engagement, and being substantially
unconfined as regards universal flexures, so as to
allow the body corresponding elastically opposed
universal freedom with respect to the wheel unit
by virtue substantially solely of said elastic flex-
ures; means for restraining lateral movements of
the body with respect to the wheel unit and for
localizing a longitudinal center of oscillation,
said means being connected between the wheel
unit and body and applying yielding lateral re-

restoring forces to the body in substantially hori-

zontal and opposite directions at a level above its
substantial center of gravity; and means limiting
relative longitudinal movement between the body
and the wheel unit but allowing all other relative
movements between them, said means embodying
a_connective member interconnecting the body
and wheel unit substantially at the level of the
wheel unit and below the level of support engage-
ment of the body.

21, In combhination with a vehicle body and
wheel unit; an elastically flexible body supporting
unit comprising & pair of universally elastic col-
umns spaced laterally and symmetrically with

9

reference to the longitudinal center line of the
body, said columns having their lower ends sup-
ported by the wheel unit, extending upwardly
and supportingly engaging the body at their up-
per ends, both columns having universal elastic
flexibilities within their lengths between their
wheel unit support and their body engagement,
and both columns being substantially unconfined
against universal flexure so as to allow the body
substantially universal freedom with respect to
the wheel unit by virtue of elastic universal flex-
ure of the columns; means for restraining lateral
movements of the body with respect to the wheel
unit and for localizing a longitudinal center of
oscillation, said means being connected between
the wheel unit and body and applying yielding
lateral restoring forces to the body in substan-
tially horizontal and opposite directions at a level
above its substantial center of gravity; and means
limiting relative longitudinal movement between

- the body and the wheel unit but allowing all

other relative movements between them.

22, In combination with a vehicle body and
wheel unit; an elastically flexible body supporting
unit comprising a pair of universally elastic col-
umns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, said columns having their lower ends sup-
ported by the wheel unit, extending upwardly and
supportingly engaging the body at their upper
ends, both columns having universal elastic flexi-
bilities within their lengths between their wheel
unit support and their body engagement, and
both columns being substantially unconfined
against universal flexure so as to allow the body
substantially universal freedom with respect to
the wheel unit by virtue of elastic universal flex-
ure of the columns; means for restraining lateral
movements of the body with respect to the wheel
unit and for localizing a longitudinal center of os-
cillation, said means being connected between the
wheel unit and body and applying yielding lateral
restoring forces to the body in substantially hori-
zontal and opposite directions at a level above its
substantial center of gravity; and means limiting
relative longitudinal movement between the body
and the wheel unit but allowing all other relative
movements between them, said means embodying
a connective member interconnecting the body
and wheel unit substantially at the level of the
wheel unit and below the level of support engage-
ment of the body. :

23. In combination with a vehicle body and
wheel unit; an elastically flexible body supporting
unit supported on the wheel unit and flexibly sup-
porting the body with freedom for rotative oscil-
lation about a longitudinal center above its sub-
stantial center of gravity, said elastic supporting
unit having elastic flexibility vertically, trans-
versely and torsionally about a vertical axis, and
being substantially unconfined as regards corre-
sponding flexures so as to allow the body corre-
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by virtue of said elastic flexures, and means for
controlling lateral movement of the body with
respect to the wheel unit, for localizing the longi-
tudinal center of oscillation and for localizing a
vertical central swivelling axis for the wheel unit
with respect to the body, said means embodying
two substantially horizontally extending yielding
tension links respectively having one end uni-
versally conilected with the body at points located
in laterally horizontally spaced symmetry at op-
posite sides of the intersection of the oscillation
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sitely from said connection points and universally
connected to the wheel unit at their other ends,
and exerting tension forces on the body in oppo-
site directions at said body connection points.
24, In combination with a vehicle body and
wheel unit; an elastically universally flexible body
supporting unit supported on the wheel unit and
flexibly supporting the body by support engage-

ment with a rigid part of the body at a level -

above its substantial center of gravity, said elastic
supporting unit being substantially unconfined
against universal flexure so as to allow the body
universal freedom with respect to the wheel unit
by virtue of its elastic flexures, and means for
controlling lateral movement of the body with
respect to the wheel unit, for localizing the lon-
gitudinal center of oscillation and for localizing a
vertical central swivelling axis for the wheel unit
with respect t0 the body, said means embodying
two substantially horizontally extending yielding

tension links respectively having one end uni- .

versally connected with the body at pointslocated
in laterally horizontally spaced symmetry at op-
posite sides of the intersection of the oscillation
and swivelling centers, said links extending op-
positely from said connection points and uni-
versally connected to the wheel unit at their
other ends, and exerting tension forces on'the
body in opposite directions at said body connec-
tion points; and means limiting relative longi-
tudinal movement between the body and the
wheel unit but allowing all other relative move-
ments between them, said means embodying a
connective member interconnecting the body and
wheel unit substantially at the level of the wheel
unit and below the level of support engagement
of the body. .
25, In. combination with a vehicle body an

wheel unit; an elastically flexible body support-
ing unit comprising a pair of universally elastic
columns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, said columns having their lower ends sup-
ported by the wheel unit and flexibly supporting
the body with freedom for rotative oscillation
about a longitudinal center above the substantial
center of gravity of the body, each of said col-
umns being substantially unconfined against uni-
versal flexure so as to allow the body substan-
tially universal freedom with respect to the wheel
unit by virtue of elastic universal flexure of the
columns, and means for controlling lateral move-
ment of the body with respect to the wheel unit,
for localizing the longitudinal center of oscilla-
tion and for restraining oscillation, said means
embodying two substantially horizontally extend-
ing linkages respectively having one end pivotally
connected with the body at points located in lat-
erally horizontally spaced symmetry at opposite
sides of the oscillation center, said linkages ex-

tending oppositely from said connection points.

and having their other ends pivotally connected
to the wheel unit, and means associated with the
respective linkages exerting opposing tension
forces between their ends. ‘

26. ITn combination with a vehicle hody and
wheel unit; a pair of rigid pedestals rigidly
mounted on the wheel unit at opposite sides of
and in symmetrical relation to the center line of
the body and extending upwardly into the body,
an elastically flexible body supporting unit-com-
prising a pair of universally elastic columns
spaced laterally and symmetrically with reference
to the longitudinal center line of the body, having
their lower ends supported by said pedestals and
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their upper ends supportingly .engaging a rigid
part of the body at a level above the substantial
center of gravity of the body, each of said col-
umns being substantially unconfined against uni-
versal flexure so as to allow the body substan-
tially universal freedom with respect to the wheel
unit by virtue of elastic universal flexure of the
columns, and means for  controlling relative
movements between the body and the wheel unit,
said means including two links pivotally connect-
ed, respectively, to the body at points spaced at
opposite sides of the body center and at a level
above the substantial center of gravity of the
body, said links extending transversely oppositely
from their respective pivotal connections, and
means carried by the two pedestals and exerting
opposite restoring forces on the two ends of the
two links to resist their movement.

27. In combination with a -vehicle body and
wheel unit; a pair of rigid pedestals rigidly
mounted on the wheel unit at opposite sides of
and in symmetrical relation to the center line of
the body and extending upwardly into the body,
an elastically flexible body supporting unit com-
prising & pair of universally elastic columns
spaced laterally and symmetrically with reference
to the longitudinal center line of the body, hav-
ing their lower ends supported by said pedestals
and their upper ends supportingly engaging a
rigid part of the body at & level above the sub-
stantial center of gravity of the body, each of said
columns being substantially unconfined against
universal flexure so as to allow the body substan-
tially universal freedom with respect to the wheel
unit by virtue of elastic universal flexure of the
columns, means for controlling relative move-
ments between the body and the wheel unit, said

‘means including two links pivotally connected,

respectively, to the body at points spaced at oppo-
site sides of the body center and at a level above
the substantial center of gravity of the body, said
links extending transversely oppositely from their
respective pivotal connections, and means car-
ried by the two pedestals and exerting opposite
restoring forces on the ends of the two links to
resist their movements, and means for restraining
relative longitudinal movement between the body
and wheel unit, said means embodying a connec-
tive member interconnecting the body and wheel
unit substantially at the level of the latter.
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28. In combination with a vehicle body and

wheel unit; a flexible body supporting unit sup-
ported on the wheel unit and flexibly supporting
the body with freedom for rotative oscillation
about a longitudinal axis above its substantial
center of gravity and for swivelling about a cen-

tral vertical axis; and means for restraining lat-

eral movement of the body with respect to the
wheel unit, for localizing the longitudinal axis of

oscillation and the vertical axis of swivelling, and -
.for restraining rotative movements of the body

about said axes, said means including two ele-
ments normally disposed substantially in a hori-
zontal transverse line determined by the inter-
section of the two axes and symmetrically oppo-
sitely with reference to said intersection, each of
said elements embodying a linkage universally
pivotally connected between a point on the body.
eccentric of said axis intersection and a point on
the wheel unit also eccentric of said axis inter-
section and radially spaced from said point on
the body, and means associated with the linkage
adapted to exert tension between said points of
connection.

29, In combination with & vehicle body and
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wheel unit; & flexible body supporting unit sup-
borted on the wheel unit and Jflexibly supporting
the body with freedom for rotative oscillation
about a longitudinal axis above its substantial
center of gravity and for swivelling about a cen-
tral vertical axis; and means for restraining lat-
eral movement of the body with respect to the
wheel unit, for localizing the longitudinal axis of
oscillation and the vertical axis of swivelling, and
for restraining rotative movements of the body

" about said axes, said means including two ele-

ments normally disposed substantially in a hori-
zontal transverse line determined by the inter-
section of the two axes and symmetrically op-
Positely with reference to said intersection, each
of said elements embodying a linkage universally
pivotally connected between a point on the body
eccentric of said axis intersection and a point on
the wheel unit also eccentric of said aXxis inter-
section and radially spaced from sdid point on
the body, and means associated with the linkage
adapted to exert tension between said points of
connection; and means limiting relative longi-
tudinal movement between the body and the
wheel unit but allowing all other relative move-
ments between the body and wheel unit,

30. In combination with a vehicle body and
wheel unit; a pair of walled compartments spaced
laterally and symmetrically with reference to the
longitudinal center line of the body and each
having fore and aft and laters] walls structurally
integrated with the body and forming a part of
its weight carrying structure, a pair of rigid
pedestals mounted on the wheel unit in lateral
spacing symmetric with reference to the center
line of the body and extending upwardly each
into one of the compartments, a pair of universal-
1y elastic supporting columng mounted on the two
pedestals in symmetric relation to the body cen-
ter line and extending upwardly in said compart-
ments and having their upper ends supportingly
connected with the compartment walls at a level
above the substantial center of gravity of the
body, said compartments being of such size in
plan-section as to clear the pedestals and col-
umns so as to allow the body substantially uni-
versal freedom with respect to the wheel unit by
virtue of elastic universal flexures of the columns.

31. In combination with a vehicle body and
wheel unit; a pair of walled compartmerits spaced
laterally and symmetrically with reference to the
longitudinal center line of the body and each
having fore and aft and lateral walls structurally
integrated with the body and forming a part of
its welght carrying structure, a pair of rigid ped-
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estals mounted on the wheel unit in lateral spac-
ing symmetric with reference to the center line
of the body and extending upwardly each into
one of the compartments, a pair of universally
elastic supporting columns mounted on the two
pedestals in symmetric relation to the body cen-
ter line and extending upwardly in said compart-
ments and having their upper ends supportingly
connected with the compartment walls at a level

-above the substantial center of gravity of the

body, said compartments being of such size in

plan-section as to clear the bedestals and columns

s0 as ‘to allow the body substantially universal
freedom with respect to the wheel unit by virtue
of elastic univérsal flexures of the columns, and
means acting between the pedestals and the com-
partment wall structures at a level above the sub-
stantial center of gravity of the body to restrain
lateral movements of the body at that level.
32.-In combination with a vehicle body and
wheel unit; an elastically flexible body supporting
unit comprising a pair of universally elastic col-
umns spaced laterally and symmetrically with
reference to the longitudinal center line of the
body, said columns having their lower ends sup-
ported by the wheel unit and flexibly supporting
the body with freedom for rotative oscillation
about a longitudinal center above the substantial
center of gravity of the body, each of said col-
umns being substantially unconfined against uni-
versal flexure so as to allow the body substan-
tially universal freedom with respect to the wheel
unit by virtue of elastic universal flexure of the
columns, and means for controlling lateral move-
ment of the body with respect to the wheel unit,
for localizing the longitudinal center of oscilla-
tion and for restraining oscillation, said means
embodying two substantially horizontally extend-
ing linkages respectively having one end pivotally
connected with the body at points located in
laterally horizontally spaced symmetry at oppo-
site sides of the oscillation center, said linkages
extending oppositely from said connection points
and having their other ends pivotally connected
to the wheel unit, means associated with the re-
spective linkages exerting opposing tension forces
between their ends, and two independently acting
movement dampers connected between the wheel
unit and the body in symmetric relation at oppo-
site sides of the longitudinal center line of the
body and acting to independently damp vertical
movements of the two sides of the body.

WIILIAM E. VAN DORN.
- PAUL K. BEEMER.
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